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DOCUMENT NUMBER: 137:197516 

Hybrid DNA polymerase with high 

fidelity by reducing 5 •-3' exonuclease activity and 

increasing 3'.fwdarw.5' exonuclease activity and 

preparation and use thereof 
INVENTOR (S) : Chatter j ee. Deb K. 

PATENT ASSIGNEE (S): Invitrogen Corporation, USA 

S°"^C^= U.S. Pat. Appl. Publ., 20 pp. 

CODEN: USXXCO 
DOCUMENT TYPE: Patent 
LANGUAGE: English 
FAMILY ACC. NUM. COUNT: 2 
PATENT INFORMATION: 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PRIOR??Y APPTM ?MPn ' 20020829 US 2001-902741 20010712 

PRIORITY APPLN INFO.: US 2000-217738P P 20000712 

relates to a DNA and RNA polymerases with high fidelity by 
substitution variants or fusion proteins with increased ^ ^ 

3 -fwdarw. 5 'exonuclease activity and high fidelity and uses. The 
fJde^^.T^^'^^'r polymerases whiJh have increased 

reSes'^to ^ meSo; o^'';^'°''^°"^'°^ "'"^ " P^-ticular, the invention 

relates to a method of making such polymerases by increasing or enhancinq 

th;^.^"''^ activity of a polymerase by, for example, substSutJng 

the 3 '-5 exonuclease domain of one polymerase with a 3'-5; exonuclease 
domain with the desired activity from another polymerase. Th^Jn^en^ion 
also relates to DNA mols. contg. the genes encoding the polymer^sls o^^he 
invention, to host cells contg. such DNA mols. and to me?hod^ to make tJe 
polymerases using such host cells. The polymerases of the inventS are 
particularly suited for nucleic acid synthesis, sequencing amcJif ?ca?Ion 
and cDNA synthesis. Specifically, various hybkd ?aq Si ^"P^^^^-^^^^^^ 
polymerases are prepd. by swapping various 5 ■ -3 • -exonuclease 
domain, 3 -5 '-exonuclease, and polymerase domain from natural and 
Tn^A ^^""^^^ sources. The activities are characterized for 

xneA DNA polymerase mutant (with D137A and 

D323A mutations, deficient in the 5-3' exonuclease and 3 '-5' exonuclease 

mutation, deficient in the 5'-3' eJonJcleLe 
activity) , Chi polymerase (Taq/Tne chimeric DNA exonuclease 
polymerase). These polymerase domains can be selected from the 
, group consisting of Tne DNApolymerase, Taq DNA 
polymerase, Tma DNA polymerase, Tth 
DNA polymerase, Tli, VENTTM DNApolymerase, Pfu 
DNApolymerase, DEEPVENTTM, DNA polymerase, Pwo 
DNA polymerase, Bst DNA polymerase, 
Bca DNA polymerase, Tfl DNA 

polymerase, and mutants, variants and derivs 
thereof . 
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DOCUMENT NUMBER: 134:159466 

Nuclease amino acid sequence variants 
without 5' .fwdarw. 3 '-exonuclease activity and their 
INVENTOR (S) . o^® genotyping assays 

iMvtJMioRiS) : Sayers, Jon; Patel, Dioak 

PATENT ASSIGNEE (S) : University of Sheffield, l 

oOURCE I 



. UK 

PCT Int. Appl. , 51 pp. 
CODEN: PIXXD2 



DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



Patent 

English 

1 



PATENT NO. 



KIND DATE 



WO 2001009343 



Al 20010208 



APPLICATION NO. DATE 
WO 2000-GB2915 20000802 



?m' Tn' GH, GM, HR 

tS' m«' ^' 5^ ^' ^' ^' LC, LK, LR, LS, LT 

SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA UG US tI7 w 

YU, ZA, ZW, AM, AZ, BY, KG, KZ, MD, RU, TJ, Tm' ' ' 

De! Bk' ^' I'' ^' !^ !!• 'Fb BE, CH, CY, 



CR, 
HU, 
LU, 
SD, 



RW: 



IE, IT, LU, MC, NL, PT, SE, BF, BJ,' 



EP 1212430 
R: 

PRIORITY APPLN.'iNFO. 
AB 



PT, 



nl' nn' ' 
CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG 

II nt. ^.^^ 20020612 EP 2000-949725 20000802 

IE, SI, LT, LV, FI, RO, MK, CY, AL 

GB 1999-18150 A 19990803 
. . WO 2000-GB2915 W 2000080:> 

H^L'rK?''c? ri^'"" '° exoauclease variants that lack 
detectable 5 • . fwdarw. 3 ■ exonuclease activity but retain endonuclease 
- ^ctivity. The invention also relates to vectors encoding the 
variant exonucleases, the recombinant prodn. of same, and use of 
SvoT""''"" genotyping assays. Thf genotyping a;sajs 
sSs nowr'"''^'"! f^^g^^nts obtained afte? denaturing 

SDS-polyacrylamide gel electrophoresis of DNA substrates that were cleaved 

^^!r^:^L.;^ Ku-t-:?— Tb-,nucleic 
St^pe-p-cl^^^^ b?nSng\-S ^^^i^^l^ T^rT^y 

r^:Ke«- K?^rjSifn°t3^^Xg^^ ?ro.r — e-rKssranTTi, 

ane'l'e^^or.f ^"'^ '"^'^ polymerase K82R enzymes were used to identify 

provides f St S std'-™f Thi^ invention aist 

REFERENPP PoimT ^^^h std. DNA controls, for genotyping assays. 

REFERENCE COUNT: 15 THERE ARE 15 CITED REFErIncIs AVaIlABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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EMBASE COPYRIGHT 2003 ELSEVIER SCI B V 
1998224649 EMBASE ' ' ' 

transfer cosmic radiation 
to Escherichia coli DNA repair-deficient nnitants 
during the -SL-J/FMPT' space experiment 
Harada K. ; Nagaoka S.; Mohri M.; Ohnishi T. ; Sugahara T 

636 ooo?^'t'''"''?°' e^'' KitakatsAragi-gu^? Nara 

636-0002, Japan, kazuki@os.gulf.or.jp ^ ' 

Refs-^24''°^''°"^'^^ ^'^'^ ^^^^^ ^^^/^ (39-45). 
ISSN: 0378-1097 CODEN: FMLED7 
S 0378-1097(98)00184-0 
Netherlands 
Journal; Article 
004 Microbiology 
English 
English 

We investigated the lethal and mutaqenic effectci of hir.}. i- 

•SL S/FMPT^"^ Dosimeter in the space shuttle -Endeavour- as part of the 
SL-J/FMPT- space experiment, the -Fuwatto -92- oroiect Af^«^^>, 
to e.„h o, the Shuttle, evaluated survivff .ir.llltio^l^^T.ZT/l. 



AUTHOR : 

CORPORATE SOURCE: 
SOURCE : 



PUBLISHER IDENT. 
COUNTRY : 
DOCUMENT TYPE: 
FILE SEGMENT: 
LANGUAGE : 
SUMMARY LANGUAGE 
AB 



of matched controls. The surviving fractions were determined by 
wf^2 o°5-''°;°^^k''°'''''^ plates, and the mutation frequencies 

were estimated by appearance of arg+ revertants on minimal agar ^lateJ 
J Lr^r?^ °^ ""^^ equivalent dose rate during this space flight was 

0^202 msv/day as measured by the plastic radiation detectors and the 
^^efUJ^J^r^^r^"*' dosimeters in the Radiation Monitoring Container and 
Dosimeter. The combined action of DNA polymerase and 
3- -fwdarw. 5- exonuclease activities was found to make the greatest 

''^P^''' °^ radiation-induced DNA damage. 5- 

.fwdarw. 3- exonuclease and recombination repair enzyme activities made a 

Tn this DNfr^^''^''^"' "^""'"^ endonuclease activity was no^ involved 

m tnis DNA repair process. 
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Watanabe H. 
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Changes in cellular proteins of Deinococcus 
radiodurans following .gamma.- irradiation 
Tanaka A.; Hirano H. ; Kikuchi M. ; Kitayama's. 
Biotechnology Laboratory, TRCRE,Gunma, Japan 
^95^99^°" Environmental Biophysics, (1996) 35/2 

ISSN: 0301-634X CODEN: REBPAT 
United States 
Journal; Article 
004 Microbiology 
014 Radiology 
English 
English 

^^H?^'^^''-^^ examine radiation- induced proteins in an extremely 
radioresistant bacterium, Deinococcus radiodurans Rl 

changes in cellular proteins after .gamma. -irradiation were analysed bv 

Tso^T2rT,^\r\ ^'^^^^ staining."L:"pJ^Lln^^ 

uso, 120, 87, 60, 58, 52, 46, 41 and 41 kDa) were increased (or a-or^e-^^r-f^ri) 

increase of ':ioh^^'°'^'"' diminished after .gamma. -irradt^Jron ^tTk^r 
tS^celL were^JrraS^ted'nn'^r^' 190 -kDa protein) was prevented Jlhen 

^^oh«?;;o \n ^ ^ "-^ presence of chloramphenicol. Three 

proteins, 87 60 and 46 kDa, continued to be synthesized during 
ITrVt t ^?^"^^tion, and the amounts of these proteins increased 

with higher doses in a range of 1-12 kGy. Changes in the amount of 

moH^^'rn^^^^^"^^^"^^^*^^"'^ ^1 strain we?e compared ^J^h tSose in a 

moderately radioresistant mutant (rec 1) and in a highly ^ 
radiosensitive mutant (rec30) . These three proteins were 

are"harfct'erXtL''Jor"r.r'^ -^^ ' ^^gesting that they 

to 
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13 MEDLINE 

953 94 84 0 MEDLINE 
95394840 PubMed ID: 7665511 
Genetic characterization of forty ionizing 
radiation-sensitive strains of Deinococcus 
radiodurans: linkage information from 
transformation . 

Mattimore V; Udupa K S; Berne G A; Battista J R 
Department of Microbiology, Louisiana State University 
Baton Rouge 70803, USA. ci.£,xuy, 

JOURNAL OF BACTERIOLOGY, (1995 Sep) 177 (18) 5232-7 
Journal code: 2985120R. ISSN: 0021-9193 
United States 

Journal; Article; (JOURNAL ARTICLE) 



liANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE:' 



AB 



English 

Priority Journals 
199510 

Entered STN: 19951020 
Last Updated on STN: 19951020 
Entered Medline: 19951012 
Natural transformation was used to help define a collection of ionizing 
radiation-sensitive strains of Deinococcus radiodurans 

Fn^?^^/^^^^^''^-''^'^ mutations were identified, as were three pol allele 
Forty of the ionizing radiation-sensitive strains were placed into 16 
Jinef?f/T^^'/''f evidence obtained indicates that each linkage group 
consists of a cluster of mutations not more than 1,000 bp apart In 
addition, a new class of D. radiodurans mutant was described 
that, although radioresistant, appears to recover from ionizing 
radiation- induced DNA damage slowly relative to other strains of D 
raaioaurans . 
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1996:193451 BIOSIS 
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The amino acid sequence required for 5 ' f wdarw 3 • 
exonuclease activity of Bacillus caldotenax DNA 
polymerase . 

Ishino, Yoshizumi (1); Takahashi-Fuj iii , Asako; Uemori, 
Takashi; Imamura, Mitsuo; Kato, Ikunoshin; Doi, Hirofumi 
(1) Biotechnol. Res. Lab., Takara Shuzo, Otsu, Shiga 520- 
Japan ^ 

Protein Engineering, (1995) Vol. 8, No. 11, pp. 1171-1175 
ISSN: 0269-2139. 
Article 
English 

DKA^^^^f k' exonuclease activity of Bacillus caldotenax 

DNA polymerase by site-directed mutagenesis. Among seven 
mutants constructed, two mutant DNA 

It^^t^t^^^^ H^^^ t"" ^''^^ substitution of Glyl84 fwdarw Asp 

?L Jwo nofT?^'''' """"^ "^^^^ confirmed to be deficient in this exonuclease. 

The two positions corresponded to those of the Escherichia coli 

DNA polymerase I mutants defective in 5' 

fwdarw 3' exonuclease, polA480ex and polA214. These results provide 

tJr^'^SdaL'^?'^""' ""^"^ essentif! for 

the 5 fwdarw 3' exonuclease activity associated with eubacterial 
polymerase I-like DNA polymerases (family A), 
including E. coli and Thermus aquaticus. 
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ENTRY DATE: 



TOXCENTER COPYRIGHT 2 003 ACS 
2002 : 438680 TOXCENTER 
EMIC-94774 

Defective transformation of chromosomal markers in 
DNA polymerase I mutants of 
the radioresistant bacterium Deinococcus 
radiodurans . 

Fuchs P; Agostini H; Minton K W 

Department of Pathology, F.E. Haebert School of Medicine 
Uniformed Services University of the Health Sciences, 
Bethesda, MD 20814-4799. 
GM39933 (GM) 

Mutation Research, (1994 Sep 1) 309 (2) 175-84 
Journal Code: NNA. ISSN: 0027-5107. 
Journal; Article; (JOURNAL ARTICLE) 
EMIC 

EMIC MED-94352335 
English 

Entered STN: 20021200 

Last Updated on STN: 20021200 



resistance) was found to be reduced by about 3 logs in a 
Deinococcus radiodurans strain that was isogenic with 
wild type except for an insertional mutation in the pol gene that 
eliminated DNA polymerase I activity (strain 6R1A) 

D radiodurans strains UV17 and 303, previously obtained by chemical 
mutagenesis, were determined to be partially deficient in DNA Po^f 

extraordinarily efficient repair pathways for DNA S^mage and L 

DN^PorrL'^SLdef to e'f?L°eSt^ naturally\ransforSLle JaJteria in that 
repaid paJhSiys °f ^onor DNA by this organism's efficient 
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ACCESSION NUMBER: 2002:436615 TOXCENTER 
DOCUMENT NUMBER: EMIC-92665 

'^^^^^^ Restoration of the DNA damage resistance of 

Deinococcus radiodurans DNA 

polymerase mutants by Escherichia coli 
AUTHOR fS) ■ n^t P^^^nnerase I and Klenow fragment. 

CORPORATE SOURCE: Department of Pathology, F. E. Haebert School of Medicine 

TelilZl' '.r.^sllT4r'''' ScienS^:^^^^' 
CONTRACT NUMBER: GM3 9933 (GM) 

SOURCE: Mutation Research, (1994 Jan) 314 (l) 87-97 

DOCUMENT TYPF Journal Code: NNA. ISSN: 0027-5107. 

f^s^IeLeS? eS;?""''' 

OTHER SOURCE: EMIC MED-94067196 

LANGUAGE: English 

ENTRY DATE: Entered STN: 20021200 

an „ . ^^^^ Updated on STN: 20021200 

AB Deinococcus radiodurans and other species of this 

eS"^ raSSfnf ii^"rL/a°^ f »»4' 'i?c^ l\.o,enU with 

^o.^^r -"--"p^^if L^jr^rjnes 11:^^:",:;^"- 

restored wild-type resistance Jo n %!5° J fragment -encoding gene 

partial resistaj^e to"wSr6R?A ™f S^^".'""; ""'l- 
Is as effective as D. "d?odur"J porL 5jJJ^; ™* ^ 
indicates that D. radiodura^sX III pe'r":'^"^:/:^^:,'-?"' 



ext^^^!^^^ ^^f^ ^""^ essential or prerequisite for expression of the 
extreme resistance of D. radiodurans . 
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Defective transformation of chromosomal markers in 
DNA polymerase I mutants 

of the radio-resistant bacterium Deinococcus 
radxcdurans 

Fuchs, Pinhas; Agostini, Heidi; Minton, Kenneth W 
Department of Pathology, F.E. Hebert School of 
Medicine, Uniformed Services University of the Health 

Mutation Research (1994), 309(2), 175-84 
CODEN: MUREAV; ISSN: 0027-5107 
Journal 
English 

resistance) was found to be reduced by about 3 logs in a 

Deinococcus radiodurans strain that was isogenic with 

wild type except for an insertional mutation in the pol gene that 

eliminated DNA polymerase I activity (strain 6R1A) . 

D radiodurans strains UV17 and 303, previously obtained by chem 

sLrcoSd br'^\"r' activity. The transformation effiSe^cy of Strain 
w n^? be greatly restored by expression of cloned E. col i Dm Pol J 

pathways for DNS damage, and is refractory to DNi daSe-iSuS 
„.£ranAr.„L:SK^^Se°ia"^'SarCS.^^l^i1r„L'l:d°t'r' 
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1994:72469 CAPLUS 
120:72469 

Restoration of the DNA damage resistance of 
Deinococcus radiodurans DNA 
polymerase mutants by Escherichia 
coli DNA polymerase I and Klenow 
fragment 

Gutman, Pablo D. ; Fuchs, Pinhas; Minton, 
F. E. Hebert Sch. Med., Univ. Health Sci 
MD, 20814-4799, USA 

Mutation Research (1994), 314(1) 87-97 
CODEN: MUREAV; ISSN: 0027-5107 
Journal 
English 

Deinococcus radiodurans and other species of this 

^--t^-J^^^^^-^:^^^^ agents 

COM nvf 1°'''' polymerase that is homologous with E 
coll DNA polymerase I are highly sensitive to DNA 
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SOURCE ; 

DOCUMENT TYPE: 
LANGUAGE : 
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restoring to pol- D. radiodurans mutants the extreme DNA 
damage-resistance typical of this organism. The E. coli polA gene or a 

303, which IS a chem. mutagenized deriv., and strain 6R1A which is 
fragment -encoding gene restored wild-type resistance ^o n ^:>^t^^ 

DOCUMENT NUMBER: EMIC-9094 7 

^"''^^ Sri^J^"'''''''' sequencing, and targeted mutagenesis of a 

DNA polymerase gene required for the 
extreme radioresistance of Deinococcus 
radiodurans . 

CORPORATE SOURCE: Department of Pathology, F. E. Haebert School of Medicine 

uniformed Services University of the Health Sciences ' 
Bethesda, Maryland 20814-4799 ■'•cut-es, 

CONTRACT NUMBER: GM39933 (GM) oi^^/ys. 

Journal of Bacteriology, (1993 Jun) 175 (11) 3581-90 
DOCUMENT TYPE- f"""""^? "^"^^ ? ™' " 0021-9193. '° ' 

OTHER SOURCE: EMIC MED-93273728 

LANGUAGE: English 

ENTRY DATE: Entered STN: 20021200 

T, . ^^^^ Updated on STN: 20021200 

AB Deinococcus radiodurans and other species of the same 

^ha^daSS D^r'^Lrdj^L^re^nt'DNHa:''^" ^""^ ^'^^ ^'^^^ ^^-^^ 

insertional imataiit lacked DMA poly».ta»e ""Hy) ■ This 

in/ oyiT insertional mutant extrapolated to 

dranetio loss of reslatance of D. radlodSranrjo daLge. 

DOCUMENT NUMBER: 119^32676 
TITLE * 

of f D^A^noi^' "^^^^^^"9' targeted mutagenesis 

or a DNA polymerase gene required 

radiod^r^nr'""' radioresistance of Deinococcus 



Ain«OR(S) = Gutman, Pablo D.; Fuchs, Pinhas; Ouyang, Ling; Minton, 

CORPORATE SOURCE: p. H. Hebart Sch. Med., Uniformed Serv. Univ. Health 

coiipri? ' S^thesda, MD, 20814-4799. USA 

Journal of Bacteriology (1993), 175(11), 3581-90 

CODEN: JOBAAY; ISSN: 0021-9193 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Deinococcus radiodurans and other species of the same 

^rda^age^DNf^^^oljjjS^nt oSA'da^i^'^^s^''^^'^'^ ^"'^■"'^"^ ^^^^^ 
chem. mutagenesis wLe found to be d^fec^i^r." rLnr^h"^ generated by 

^scL-hif c-1?- sr- 
^J:^ ~ ?f L--frb-t- ^^^^^ o. 

targeted mutagenesis in this eubacterSl familvf Thir^^L^r 
mutant lacked DNA polyiaerase activity and wa J " ' -"^ertional 

even more sensitive to DNA damage than the mutants derived bv 

xesiscance ot D. radiodurans to DNA damage. 

ACCEsJ?of miiLf ^"^^^ COPYRIGHT 2003 ELSEVIER SCI. B.V 

ACCESSION NUMBER: 80185850 EMBASE 
DOCUMENT NUMBER: 1980185850 

TITLE: DNA-membrane complex restoration in Micrococcus radiodurans 

SHeg^adltlo^'^^'^^ '^'^^^'^'^ ^° anS^ 
?Spo^te c^ottppt. Da^dalhon-Samsonoff M..; Averbeck D. 

CORPORATE SOURCE: ^e^t^ Bxol^; I-t. Curie, 75231 Paris Cedex 05, Prance 

International Journal of Radiation Biology, (1980) 38/1 

CODEN: IJRBA3 
COUNTRY: united Kingdom 

DOCUMENT TYPE: Journal 
FILE SEGMENT: 014 Radiology 

023 Nuclear Medicine 

022 Human Genetics 

I^OUAGE: ^°^ush 

IsLnttanrc^n^tJ^u^erof" ror°^°^^r ^^-^^ ^ -s shown to be 
dissociated i^dJately :ft^rx!i'?r;d ^^Jon ToTll '^^'"^'^^ 
post-incubation in complete medinmrnv "^^^ells and restored during 
remained associated ST^h tL cfmnT^v p ^^''''^'^'^''^'* protoplasts some DNA 
post^incubation wS o^^l^J ^nl^l^le^^^^ 
^S^Sesfro^'''' 'T'^ activities. Under this condition no DNA 
:Sv1t-^ ?h-\^%^ier?-;^^."?i-\^.-^^^ -.ase 
mutant UV17 of M. radiodurans was strictly dependent on JL ^^'' sensitive 

and, subL^ently, pe^SJs'^L^^Jn^Lsis^Irr^"?? to°occur^^^^^ "^^^^^^^^ 
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Patent 
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AU 2002-18749 
US 2000-217738P 

AB The present invention relatpc, ^. WO 2ooi-uS21790 W 20010711 

high'^fidelity Sp^cJf^cany the nol ^^'"''^ ^^^^ polymerases having 

thermostable or mesophiUc poi;meJasEf "^th^"^' °' invention are 
relates to cloning and eipressi^n of ^h. ? invention also 

DNA mols. contg. ?he cloSd ge^e and ^o hoS^^^^^^ °' invention, to 
The polymerases of the presenr^Av^nf^ ^ u "'^''''^ express said genes, 

amplification reactions nucJeicIr?^ ^^^"^ sequencing, 

polymerases are modified in th^L 3-5''^ionuM fNA synthesis . I^ch 

fidelity of the enzyme is increaLd or .nh ^^^^^ ^^^^ that the 

include mutations irthl 3^ 5^ UlLrL T^^'- M°dif ications can 
increased 3 ■ -5 - exoLcllase fct?v?h,^ "^^^^ in 

of the 3.-5. exo^ucJ^LrdL^in'JtJ'a^^^"':;' substitution 
polymerase having increased 3 • -5^ ^^°^^^}e^se domain from a 

--rt\- iSc^?:e~ 

dis^:y:rai/thSracii:^tx'er f^^,^ r 

3 ■ -5 • -exonuclease activi^v anrfVL :«^°""clease activity, 
domain shufflinrdif^oJ impair ^he''s;^'^^"^^'=''"''^^ suggesting that the 
Shown that both proofreading actiJitJIndt^f' ^^rity. We have also 
indicating that the hybrid pol^^^ase is acMnrl^^''^'^ ^^'^"^t 
polymerase. Therefore, the hXid noi^ acting like a true high-fidelity 
for PC« or other appllcJJl„r'^iL~rr„v"i;;io1 SL'S^L'""^^"^ 



particular to mutant Poll type DNA polymerase 
(preferably thermostable DNA polymerases) wherein one 
or more ammo acid changes have been madp in «-Vi«» -a ■ c i 
Which renders the enzymi more LuMurfhioLj liLll^.w""''^^^^ 
synthesis, seguencing'^nd amplif Jc'atiL.^'^'fn'Iccorda^^^ 

InllT^lta' fllTlLT^^^^^ r "^^^^ ^° the^ p^i^^e^a^es having 

reduce^S. exonu^Jrase^^L-t^^^;.^™ - 
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relates to a method of m^winn c=i.^>, t ? P^^^^^^J-ar , the invention 

the 3--5. exonuclease domain of one'^I^^LaL ShTv^I substituting 
domain with the desired activi^v fr-r.^ tu~Zu , a 3 -5 • exonuclease 

also relates to dSI mols conJo S Polymerase. The invention 

invention, to host ceUs'con^a .u^h hm^" f^^°^^^9 ^he polymerases of the 
polymeras;s using sSch host cells The no^i^. ^""^ ^%^^t^^<'^ to make the 
particularly suiLd for nucleic acid s^fhi^ ^^^ °^ invention are 

TneA DNA polymerase mutant (with D137A and «^izea tor 

actiJiS:K°?^;B'twitTSJ37j L'tatio^ ^ ' ' — ^ease 

activity) , Chi poierLe^wJL^'^JM^erJc^Dir — 1— 

polymerase . These polymerase domains can be selected fr-on, 

group consisting of Tne DNApolymerase, Tag DNA 

polymerase, Tma DNA polymerase, Tth 

DNA polymerase, Tli, VENTTM DNApolymerase, Pfu 

DNApolymerase, DEEPVENTTM, DNA polymerase, Pwo 

DNA polymerase, Bst DNA polymerase, 

Bca DNA polymerase, Tfl DNA 

polymerase, and mutants, variants and derivs 
tnereof . 
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Provided are mutant DNA polymerases having 

lltlTill ^?%rSf ''''' "'^t''^ ^""^^^"^ substantially reduced polymerase 
activity at 25. degree, when compared to the same DNA 
polymerases without the at least one mutation and which exhibit 

t^th^ ™^nM^''''T^ polymerase activity at optimum temps, when compared 
to the same DNA polymerases without the at least one P 
o^i^^oi^' P^^^ided are amino acid sequences and nucleic acid 

sequences encoding such DNA polymerases, and vector 

A^^r^f^ ^""k J^'^r ""^^^^ suitable for the expression of these sequences 
Jeacti^rfPCR? amnl 1 f • '"^"T^ ^'^"^^ performing polymSase chain 

isina tL m^fin^ni^^ ^""^ ""^^^^ ^^^^^^^ manipulations and analyses 

using the mutant DNA polymerases of the 

invention Thus, the Thermus aquaticus DNA polymerase 

rh^\^^J? ^^^^^^^ N-terminal 235 amino acids (Klentaq-235) and with 

^ mutations E626K/Q690R/I707L produces sharp bands under either 
cold start or hot start PCR conditions. eicner 
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Modified thermostable DNA polymerases that tn'"' 
unconventional nucleotides'^^uS I"tLse la;e^e?'wS%l 
dyes with greater efficiency are desSbed Thlr i ""°^«^^ein family 
advantageous in manv in vih^o n^s fu • polymerases are 

sequencing, sySthSL of iSled DNraSrjL'^^'^''''^"^ ^"^^^ ^ 
extension products, esn in chfin " P"""^"- °^ labeled primer 

these polymerase aAd expreLiorjectors'for^?.^'''' sequencing. Genes for 
The enzyme may be used in dSI L^enc^L i^"" '"^'i'"^- described, 

significant advantages in coJt aS eff?nH "^^^ "^^^ P^°^i^e 

polymerase were genLateS by muJ^ge^'c Pcf^^CR °' ^""^ 

manganese) of the region of the qene enrSin! Presence of 

mutants screened for increased e?f?^s ^''^^''^ ^^^^ . 

fluorescein deriv -laJeSd Sfl ? ^ °^ incorporation of a 
enzymes and their " sib^trale'utinL^JL^^ arT^elorte^^^^^^'^^^^^" 
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